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Abstract 
Claims 

1. The ruthenium (II) polypyridine complexes with general chemical structure 
indicated below: 




RsH -0 _N(cH3h 



2. Preparation of ruthenium (II) polypyridine complexes: A mixture of bis (2, 2'- 
bipyridine) dichlororuthenium (H) bishydrate and a phenanthrolinimidazole 
derivative ligand with molar ratio 1 : 1 in ethyl alcohol-water (2:1-5:1, v/v) was 
refluxed for 5 hrs. The solvent was removed. The product was purified through 
silica gel column separation with 1:1-4:1 acetone/toluene as eluent The general 
chemical structure of the phenathrolinimidazole derivatives described here are 
shown below: 




3. As indicated in 2, the solvent used in the preparation is the mixture of ethyl 
alcohol and water with volume ratio 3:1. 



4. Also as indicated in 2, the preparation employs a column separation process, 
which can be silica gel or AI2O3 column separation with the mixture of acetone 
and toluene (2:1, v/v) as eluents. 



Description 

Ruthenium (II) Polypyridine Complexes 
Preparation 



for Two-Stage pH Sensing and Their 



This patent is on pH photosensors. It is about the preparation of ruthenium (II) 
polypyridine complexes and their two-stage pH photo-sensing property at both high pH 
and low pH. 

Molecules can probe a substance or some properties of a substance are called molecular 
sensors. Usually, a molecular sensor consists of a sensing part and a signaling part. The 
former has the capacity to combine with a specific substance or a target in the mixture 
while the later can signal this combination. Aroused by the complex natural phenomena, 
chemists have synthesized a series of complicated molecules as sensors, like crown 
ethers, cryptands, spherands and calixarenes. These molecules can selectively chelate 
ions or molecules, which is the base of the molecular sensing. However, the changes of 
the physical properties due to the combination of crown ethers or the related guests with 
the target ions or molecules are usually too small to be useful for the practical 
application. Therefore, a new generation of sensors based on photoactive metal cations 
was developed. They are called photoactive inorganic cations sensors and composed of 
three parts: (1) ion-sensing part; (2) photon emitting part and (3) the chemical bridging 
part of(l) and (2). 

Most of the photoactive sensors are based on the measurement of absorption, emission or 
refraction, of which emission measurement is most sensitive. The emission wavelength is 
always longer than the excitation wavelength, which makes it possible to read even very 
weak emission signals. With the long lifetime, high emission quantum yield, photoactive 
transition metal complexes sensors usually work much better than typical nanosecond- 
luminescent sensors. Although a lot of photoactive transition metal complexes have been 
reported, only ruthenium (II) polypyridine complexes and tricarbonyl(cc- 
bisimino)rhudium(II) complexes have been used as photosensors due to their good 
thermostability, chemical stability and solubility in water, intense absorption for visible 
light, high emission efficiency and long luminescent lifetime. Meanwhile, because the 
excitation states of the complexes are polar, the quantum yield, lifetime as well as redox 
potential of the excitation states will change with the changes of the surroundings, such 
as auxiliary ligands, polarity of the solvents. 

Almost all of the living processes carry out at certain pH values or pH ranges. For 
example, there is an apparent difference between the pH inside normal and tumor cells. 
Thus, a quick and accurate determination of the cell pH is of very importance. Molecules, 
whose ground state absorption change with pH, have been used for pH monitor for years. 
But their sensitivity is low due to the low sensitivity of the absorption and they cannot be 
used for clinic diagnosis. However, pH sensors made from the molecules whose emission 
spectra depending on pH can be highly sensitive, which are very promising for pH 
diagnosing applications. So far, research on pH photosensors is still at its early stage and 
very few reports have been published. The first research on rhodium-bipyridine pH 



sensors was done by Grigg in 1992 (Chem. Comm. 1992 5 1300.). They attached amines, 
as the pH sensing parts, to the rhodium bipyridine complex through methylene groups. 
The protonation and the deprotonation of the amines result in the emission change of the 
complexes, which monitor the pH change of the solutions. In 1994, Grigg reported a 
series more complicated pH photosensors, where they used calixarenes as the pH sensing 
parts and rhodium bipyridine complexes as photon emitting part. Although the emissions 
of these molecules are very pH-sensitive, their synthesis is a hard work and they are one- 
stage pH sensors, i.e. they only work in one pH range, either at pH 1-6 or at 7-11. 

The goal of this patent was set to overcome the limitation of Grigg' s sensors: the sensors 
are ruthenium bipyridine complexes with simple structures; the nitrogen-containing 
electron donor binds ruthenium with covalent bonds; the pH-relied emission is realized 
through the intramolecular ligand-to-metal electron transfer; the two-stage pH sensing is 
realized through the protonation and deprotonation of the nitrogen-containing donor, 
which can monitor the pH change at both low pH range and high pH range; the ligands 
are easy to synthesize with high yield (70-80%). 

The general chemical structure of the ruthenium (II) complexes is shown bellow: 



Preparation of the ruthenium (II) complexes: 

A mixture of Ru(bpy) 2 Cl2-2H 2 0 and the phenanthrolinimidazole derivative ligand with 
molar ratio 1 : 1 in ethyl alcohol-water (1:1, v/v) was refluxed for 5 hrs. The mixture was 
cooled down and filtrated. The solvent in the filtrate was then removed and saturated 
sodium perchlorate solution was added. The precipitate thus obtained was purified by a 
silica gel column separation with 1:1 ~ 4:1 acetone/toluene as eluent and then by a 
recrystallization in ethyl alcohol-water (2:1-5:1, v/v). 





Figure 1. Structures of 1 and 2 



Preparation of Ru(bpy) 2 CI 2 - 2H 2 0: 



A mixture of RuCl3-3H20 with 2, 2'-bipyridine with molar ratio 1 : 1 in DMF was refluxed 
for 3 hours. The mixture was then concentrated and dark pink crystals were collected by 
filtration. 



Preparation of phenanthrolinimidazole ligands: 

1, 10-phenanthroline-5, 6-dione was mixed with 4-aminobenzodehyde derivatives and 
ammonium acetate in molar ratio 1:1:2.5 in glacial acetic acid. The mixture was refluxed 
for 1 hour. It was cooled down and neutralized with concentrated ammonium hydroxide. 
The yellow solid was thus obtained. Pure phenanthrolinimidazole ligands were obtainable 
by a further recrystallization of the solid in methanol. The general chemical structure of 
the phenanthrolinimidazole ligands is shown in Figure 2. 



The ruthenium polypyridine complexes described here have strong absorption for visible 
light and emit intensively. The emission intensity of the complexes decreases with the 
increase of pH. When the pH is increased, the protonated ligands lose the proton first and 
then the -NH of the imidazole group lose its proton, which corresponds to a two-stage pH 
sensing process. This is why the complexes described here were characterized as two- 
stage sensors. 




R = H, 



Figure 2, Structure of phenathrolinimidazole derivatives 



Examples 



Example 1 

Synthesis of Ruthenium (II) polypyridine complex 1 : 

A mixture of 0.2 mmol Ru(bpy) 2 Cl 2 -2H 2 0 and 0.2 mmol phenathrolinimidazole ligand 
(Figure 2, R = H) in 20 ml ethyl alcohol-water (3:1, v/v) was refluxed for 5 hours and the 
color turned red-brown. The mixture was cooled down and filtrated. The filtrate was 
evaporated and purified through a silica gel column separation with acetone/toluene (2:1, 
v/v) as eluent. The yield was 75%. 



Characterization of complex 1 : 

UV absorption: ^(CH 3 CN) = 453.5 nm, 8 = 1.661 x 10 4 

*H NMR (CD 3 CN): 8.98 - 8.95 (dd, 2H), 8.57 - 8.50 (q, 4H), 8.41 (s, 1H), 8.07 (ddd, 
2H), 7.99 - 7.96 (m, 4H), 7.84 - 7.82 (dd, 2H), 7.74 - 7.72 (q, 2H), 7.55 - 7.54 (m, 2H), 
7.42 (m, 2H), 7.1 8 (m, 2H). 

Elemental analysis calcc(%) for Ru(C33H 24 N 8 ) 2C10 4 -3H 2 0: C, 44.71; H, 3.41; N, 12.64; 
Found: C, 45.24; H, 3.52; N, 12.93%. 

The maximum absorptions and emissions as well as the quantum yields of complex 1 at 
different pH are shown in Table 1. The pKa constants of it are shown in Table 2. 

Complex 1 is a base and an acid at the same time. The equilibrium in solution can be 
expressed as : 




When the pH is low, the emission is from the protonated form. When the pH is high, the 
emission is from the deprotonated form. Therefore two independent changes can be 
observed at pH 0.35 -13 for complex 1. 



Example 2 



Synthesis of Ruthenium (II) polypyridine complex 2 : 

The preparation procedure is same as complex 1 with a different phenanthrolinimidazole 
ligand (Figure 2. R = -p-CtfUNiCRfo ). The yield for 2 is 58%. 



Characterization of complex 2: 

UV absorption: W(CH 3 CN) = 457.5 nm, e = 2.4 x 10 4 

] H NMR (CD 3 CN): 8.88 (dd, 2H), 8.57 - 8.51 (t, 4H), 8.07 (t, 2H), 7.94 - 7.83 (m, 8H), 
7.64 - 7.59 (m, 4H), 7.43 (t, 2H), 7.23 (t, 2H), 6.70 - 6.67 (d, 2H), 2.96 (s, 6H). 

Elemental analysis calcc(%) for Ru(C4iH 3 3N 9 ) .2C10 4 -2H 2 0: C, 49.86; H, 3.78; N, 12.76; 
Found: C, 50.12; H, 3.85; N, 12.23%. 

The maximum absorptions, maximum emissions and the quantum yields of complex 1 at 
different pH are shown in Table 1. The pKa constants of it are shown in Table 2. 

Like complex 1, complex 2 can also act as a base and an acid. The equilibrium in solution 
can be expressed as follows: 



When pH < 1, the nitrogen atoms on imidazole group and amine group are all protonized. 
As the increase of the pH, the complex loses the two protons gradually along with the 
decrease of the emission intensity. Thus, the emission intensity decrease at low pH (pH < 
6) is resulted from the electron transfer from the aminobenzene group to Ru (II). When 
the pH goes higher, the NH on the imidazole group starts to lose its proton. Therefore, the 
decrease of the emission intensity at higher pH is due to the electron transfer from both 
the aminobenzene group and the imizazole anion to Ru (II), which makes the sensor even 
more sensitive at higher pH. 





Table 1. The maximum absorptions, maximum emissions and the quantum yields of 1 
and 2 at different pH. 
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Table 2. The pKa constants of 1 and 2 
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obtained from the MLCT curves; ' obtained from the absorption curves 
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Abstract 



[Ru(bipy)2L](C!04)2 are prepd. by mixing [Ru(bpy)2CI2].2H20 with 2-(R-substituted)-1H-imidazolo[4 J 5-f]-1,10-phenanthroline 
(L, R = H, 4-Me2C6H4) at a molar ratio of 1:1 in ethanol-water (2-5:1, voL/vol.), refluxing for 5 h, and purifying on silica gel or 
AI203 column with acetone-benzene (1-4:1) as developing agent. The complexes are used for luminescent pH sensors. 
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